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Description 



MATERIAL PROCESSING DEVICE 

Background of Invention 

[0001] This invention relates to the field of material processing, 
such as welding, joining, cutting, inspection and the like, 
and more particularly to a material processing device and 
method. 

[0002] Material processing operations, such as welding, joining, 
cutting, inspection, or similar operations in some environ- 
ments, such as outer space, can be very difficult and re- 
quire a high level of skill and training. Additionally, equip- 
ment or devices for such operations may not be easily 
portable and may be cumbersome and awkward to use, 
particularly if the user is wearing special equipment such 
as a space suit or the like. Further, an energy beam for 
cutting or welding or other emissions from material pro- 
cessing operations can present hazards, particularly in 
outer space applications. 

[0003] Reliability and continued operational performance are also 
major factors for current and future manned space vehi- 



cles and habitats. Specifically, facilities such as the Inter- 
national Space Station (ISS) and space vehicles such as the 
Space Shuttle lack equipment suitable for fabrication, re- 
pair, and inspection operations that meet desired safety, 
usability and reliability constraints. Thermal control, oper- 
ational, and life support fluid line systems, for example, 
call for equipment with zero-leak repair and nondestruc- 
tive inspection capabilities. Additionally, the ISS includes 
exterior surfaces referred to as ISO grid skins. An ISO grid 
skin has a surface that has a grid of ribs, or ridges, with 
recessed areas between the ribs. An impact to the skin 
could produce a structurally weakened area, generate a 
hole, or create a stress crack between the ISO grid ribs 
and result in loss of an operational segment of the ISS un- 
less the ISO grid can be safely and reliably repaired and 
inspected in space. Further, quick disconnect fittings or 
flexible lines may also need to be safely and reliably re- 
moved and replaced on the ISS, and spot repairs to exte- 
rior fluid lines or other repairs may need to be performed 
safely and reliably, as well as inspection of such repairs. 
Summary of Invention 

[0004] | n accordance with an embodiment of the present inven- 
tion, a device to process material includes an energy beam 



source to generate an energy beam and at least one en- 
ergy beam transfer device. The energy beam transfer de- 
vice is operatively connectable to the energy beam source 
and is disposable relative to a workpiece. The energy 
beam transfer devices direct the energy beam in a prede- 
termined pattern on an exterior surface of the workpiece. 
Accordingly, the present invention may be used to auto- 
matically perform precise material processing operations 
reliably without a high level of skill or training and in an 
environment such as outer space or the like. 

[0005] | n accordance with another embodiment of the present in- 
vention, a device to process material includes a housing to 
substantially enclose at least a portion of a workpiece to 
be processed. The device also includes an energy beam 
source to generate an energy beam, and means to direct 
the energy beam on at least one predetermined location 
on the portion of the workpiece enclosed within the hous- 
ing. The present invention may also be used to safely and 
automatically perform precise, reliable material process- 
ing operations by containing the energy beam and any 
debris within the housing. 

[0006] | n accordance with another embodiment of the present in- 
vention, a device to inspect a workpiece includes a mov- 



able frame, a laser holographic exciter mounted to the 
movable frame, and at least one laser reader mounted to 
the movable frame. The movable frame is adapted to be 
movable relative to the workpiece during an inspection 
process. Accordingly, the present invention may also be 
used to automatically inspect repairs to a workpiece with- 
out a high level of skill or training and in an environment 
such as outer space or the like. 

[0007] | n accordance with another embodiment of the present in- 
vention, a device to process material includes a base 
member, a track, and a material processing system. The 
base member may be adapted to releasably hold a portion 
of material to be attached to a workpiece. The track is 
mounted to the base member. The material processing 
system is adapted to move along the track to perform a 
material processing operation. The track may be formed 
to correspond with the shape of an ISO grid of the ISS or 
to define any predetermined path. Accordingly, the 
present invention may be used to repair an ISO grid on the 
ISS or to perform material processing operations on other 
types of aerospace vehicles or workpieces. 

[0008] | n accordance with another embodiment of the present in- 
vention, a device to process material includes a base 



member. A first track is mounted to the base member. A 
carriage includes a bottom portion and a top portion, with 
the bottom portion being adapted to move along the first 
track. A second track is slidably mounted on the top por- 
tion of the carriage. A material processing system is 
mounted to the second track to perform a material pro- 
cessing operation on a workpiece. 

[0009] | n accordance with another embodiment of the present in- 
vention, a device to inspect a workpiece includes a base 
member and a track mounted to the base member. An in- 
spection system is adapted to move along the track to 
perform an inspection operation on a workpiece. The 
track may be formed to correspond with the shape of an 
ISO grid of the ISS or to define any predetermined path. 
Accordingly, the present invention may be used to inspect 
an ISO grid on the ISS or to perform inspection operations 
on other types of aerospace vehicles or workpieces. 

[0010] | n accordance with another embodiment of the present in- 
vention, a method of making a device to process material 
includes providing an energy beam source to generate an 
energy beam. The method further includes disposing at 
least one energy beam transfer device to direct the energy 
beam in a predetermined pattern on an exterior surface of 



a workpiece. The at least one energy beam transfer device 
is operatively connected to the energy beam source. 

[001 1] | n accordance with another embodiment of the present in- 
vention, a method of making a device to inspect a work- 
piece includes providing a movable frame adapted to 
move relative to the workpiece. The method further in- 
cludes mounting a laser holographic exciter and at least 
one laser reader to the movable frame. 

[0012] | n accordance with another embodiment of the present in- 
vention, a method of making a device to process material 
includes providing a base member. A track is mounted to 
the base member. A material processing system is pro- 
vided that is adapted to move along the track to perform a 
material processing operation on a workpiece. 

[0013] in accordance with another embodiment of the present in- 
vention, a method of processing material includes gener- 
ating an energy beam and directing the energy beam in a 
predetermined pattern on a workpiece through at least 
one energy beam transfer device. 

[0014] in accordance with another embodiment of the present in- 
vention, a method of inspecting a workpiece includes pro- 
jecting a laser holographic pattern on the workpiece. The 
laser holographic pattern is moved around a portion of 



the workpiece to be inspected. Defects in the workpiece 
are detected by observing the laser holographic pattern. 

[0015] | n accordance with another embodiment of the present in- 
vention, a method of processing material includes moving 
a material processing system along a predetermined path 
to perform a material processing operation. The method 
may also include moving an inspection system along the 
predetermined path to perform an inspection operation. 
The material processing system may be moved simultane- 
ously with the inspection system, such that an inspection 
operation may be performed after the material processing 
operation for efficiency. 

[0016] The features, functions, and advantages can be achieved 
independently in various embodiments of the present in- 
vention or may be combined in yet other embodiments. 
Brief Description of Drawings 

[0017] FIG. 1 is a section view of a material processing device in 
accordance with an embodiment of the present invention. 

[0018] FIG. 2 is a cut-away front elevation view of the material 
processing device of FIG. 1. 

[0019] FIG. 3 is a side elevation view of a tool positioner for use 
with the material processing device of FIG. 1. 

[0020] FIG. 4 is a section view of a material processing device in 



accordance with another embodiment of the present in- 
vention. 

[0021] FIG. 5 is a side elevation view of a rotating frame of the 
material processing device of FIG. 4. 

[0022] FIG. 6 is a side elevation view of an inspection head of the 
material processing device of FIG. 4. 

[0023] FIG. 7 is a section view of the material processing device 
of FIG. 4 taken along line 7-7 of FIG. 4. 

[0024] FIG. 8 is a section view of an inspection device in accor- 
dance with another embodiment of the present invention. 

[0025] FIG. 9 is a side elevation view of a rotating frame of the 
inspection device of FIG. 8. 

[0026] FIG. 10 is a side elevation view of an inspection head of 
the inspection device of FIG. 8. 

[0027] FIG. 11 is a section view of the inspection device of FIG. 8 
taken along line 11-11 of FIG. 8. 

[0028] FIG. 12 is a top plan view of a material processing device 
in accordance with another embodiment of the present in- 
vention. 

[0029] FIG. 13 is a section view of the material processing device 
of FIG. 12 taken along line 13-13 of FIG. 12. 

[0030] FIG. 14 is a front elevation view of a carriage and tracks 
for use in the material processing device of FIG. 12. 



[0031] FIG. 15 is a side elevation view of a carriage and tracks for 
use in the material processing device of FIG. 12. 
Detailed Description 

[0032] The following detailed description of preferred embodi- 
ments refers to the accompanying drawings that illustrate 
specific embodiments of the invention. Other embodi- 
ments having different structures and operations do not 
depart from the scope of the present invention. 

[0033] | n the Figures herein, unique features receive unique ref- 
erence numerals, while features that are the same in more 
than one drawing receive the same reference numerals 
throughout. The scope of the invention is not intended to 
be limited by materials listed herein, but may be carried 
out using any materials that allow the construction and 
operation of the present invention. Materials and dimen- 
sions depend on the particular application. 

[0034] Referring to the drawings, FIG. 1 is a section view of a 

material processing device 20 to process material and FIG. 
2 is a cut-away front view of the same device 20. Process- 
ing material may include welding, joining, cutting, in- 
specting, or the like. The device 20 may include an energy 
beam source 22 to generate an energy beam, and at least 
one energy beam transfer device 24 disposable relative to 



a workpiece 26. The workpiece 26 shown in FIG. 1 is a 
tube, but the device 20 may be adapted to perform mate- 
rial processing on other types and shapes of workpieces. 
A plurality of energy beam transfer devices 24 may be in- 
cluded. Each of the energy beam transfer devices 24 may 
be operatively connectable to the energy beam source 22 
by a suitable connector 28, such as a fiber optic cable or 
the like. The energy beam transfer devices 24 may direct 
the energy beam in a predetermined pattern on an exte- 
rior surface of the workpiece 26. In the example shown in 
FIG. 1, the energy beam transfer devices 24 may direct the 
energy beam substantially completely around the exterior 
surface of the workpiece 26. A receptacle 27 or the like 
may be provided to connect electrical power to the energy 
beam source 22. The energy beam may be directed to 
each of the transfer devices 24 by a switching device 29. 
The switching device 29 may be an optical switch or simi- 
lar device. The energy beam source 22 may be an electron 
beam system, laser material processing system or the like. 
Each energy beam transfer device 24 may be a lens or 
similar energy or light focusing device. Eight lenses are 
shown in this example embodiment. 
[0035] Each energy beam transfer device 24 may be angled to al- 



low its energy beam to overlap with the energy beam from 
transfer devices 24 on each side. The energy beam trans- 
fer angle, width of beam, and distance of the energy beam 
transfer devices 24 from the workpiece surface may de- 
termine the correct depth of field ratio to overlap to pro- 
vide a continuous coverage of the workpiece 26. The op- 
erational change for uses such as welding, joining, and 
cutting may be made by varying intensity of the energy 
beam or amperage of the electron beam. During operation 
there are typically no moving parts. 
[0036] The device 20 may also include a housing 30, which may 
be formed in a first part 32 and a second part 34. The 
housing 30 encloses the energy beam and at least a por- 
tion of the workpiece 26, as best shown in FIG. 2. The 
parts 32 and 34 may be coupled together by a hinge ar- 
rangement 35 (FIG. 1) or the like to permit the parts 32 
and 34 to pivotably move relative to one another and to 
releasably enclose that portion of the workpiece 26. The 
parts 32 and 34 may join at a junction 36 to form the 
housing 30. A lever 38 may be provided to open the 
housing 30 to admit and release the workpiece 26 when a 
force illustrated by arrow 40 in FIG. 1 is applied to the 
lever 38. The lever 38 may be spring loaded by a biasing 



mechanism 41 to return the housing 30 to the closed po- 
sition when force 40 is not applied. The biasing mecha- 
nism 41 may be a spring associated with the hinge ar- 
rangement 35 to clamp the first and second parts 32 and 
34 around the workpiece 26 during a material processing 
operation. The housing 30 may thus form a seal around 
the workpiece 26 to retain the energy beam and any de- 
bris within the housing 30 during a material processing 
operation. 

[0037] The device 20 may include a first transfer device support 
42 and a second transfer device support 44. The first 
transfer device support 42 may be coupled to an interior 
45 of the first part 32 of the housing 30 and the second 
transfer device support 44 may be coupled to an interior 
47 of the second part of the housing 30. A first group 24a 
of energy transfer devices 24 may be supported by the 
first transfer device 42 and a second group 24b of energy 
transfer devices 24 may be supported by the second 
transfer device 44. The transfer device supports 42 and 
44 may extend around the workpiece 26 in order to dis- 
tribute the transfer devices 24 accordingly. The transfer 
device supports 42 and 44 may combine, for example, to 
form substantially a ring around the workpiece 26, as 



shown in FIGS. 1 and 2, when the first and second parts 
32 and 34 are biased together. 

[0038] a pair of workpiece fixtures 46 may retain the workpiece 
26 in position relative to the transfer devices 24 or lenses. 
Each workpiece fixture 46 may include a plurality of cen- 
tering pins 48 disposed in a predetermined distribution 
about the workpiece 26 to hold the workpiece 26 in posi- 
tion. Each workpiece fixture 46 may also include a first 
pin support 50 and a second pin support 52. The first pin 
support 50 may be coupled to the interior 45 of the first 
part 32 of the housing 30 to support a first group of pins 
48a of the plurality of pins 48. The second pin support 52 
may be coupled to the interior 47 of the second part 34 of 
the housing 30 to support a second group of pins 48b of 
the plurality of pins 48. 

[0039] The device 20 may further comprise one or more tool po- 
sitioners 62 as shown in FIGS. 2 and 3. A tool positioner 
62 may include a first operating lever 64 and a second 
operating lever 66. The second operating lever 66 may be 
attached to one part of the housing 30 with fasteners 
through openings 68 in the second operating lever 66. 
The first operating lever 64 and second operating lever 66 
are pivotally coupled to permit the first part of the hous- 



ing 32 and the second part of the housing 34 to open to 
receive the workpiece 26, to hold the workpiece 26 during 
a material processing operation, and to subsequently re- 
lease the workpiece 26. A rotating caliper adjustment 70 
may be provided to gradually tighten the tool positioner 
62 around the workpiece 26 and to precisely control the 
amount of force applied to the workpiece 26 by the tool 
positioner 62. 

[0040] The workpiece 26 may include, for example, a tube, and 
may be located on an aerospace vehicle or the workpiece 
26 may be a component on another type vehicle or appa- 
ratus. The device 20 may be adapted to operate in sub- 
stantially a vacuum, in zero gravity, or in other environ- 
ments. 

[0041] FIGS. 4-7 illustrate a material processing device 72 in ac- 
cordance with another embodiment of the present inven- 
tion. FIG. 4 is a section view of the material processing 
device 72. The device 72 includes an energy beam source 
74, a movable frame 76, and an energy beam transfer de- 
vice 78. The energy beam transfer device 78 is mounted 
to the movable frame 76. The energy beam transfer device 
78 may be operatively connectable to the energy beam 
source 74 and direct the energy beam on at least one pre- 



determined location on a workpiece 80. The energy beam 
source 74 may be an electron beam system, laser material 
processing system, or the like. The energy beam transfer 
device 78 may be a lens or similar energy or light focusing 
device. 

[0042] The movable frame 76 is shown individually in the side el- 
evation view of FIG. 5. While the movable frame 76 is 
shown as being rotatable about the workpiece 80, the 
movable frame 76 may be adapted to move in other direc- 
tions relative to the workpiece 80. A drive mechanism 82, 
discussed in detail below with reference to FIG. 6, may be 
provided to move the movable frame 76 relative to the 
workpiece 80. The drive mechanism 82 may comprise at 
least one drive wheel or gear 84. 

[0043] The movable frame 76 may include one or more substan- 
tially horseshoe shaped members 86. The horseshoe 
shaped member 86 may have an interior portion 87 that 
may receive and retain the workpiece 80 and a substan- 
tially circular exterior portion 88 to engage the at least 
one drive wheel or gear 84 of the drive mechanism 82. 
The at least one drive wheel or gear 84 engages the exte- 
rior portion 88 of the horseshoe shaped member 86 at 
substantially all degrees of rotation of the movable frame 



76. 

[0044] The at least one drive wheel or gear 84 and the drive 

mechanism 82 may be mounted to and form part of a ma- 
terial processing head 89. As best seen in FIG. 6, which 
includes a side elevation view of the material processing 
head 89, and FIG. 7, a section view of the device 72 taken 
along lines 7-7 in FIG. 4, the drive mechanism 82 may 
comprise a controller 90, a spur gear 92, and a plurality of 
gears S4a-e. The controller 90 may be a vernier dial con- 
trol, with an indicator (not shown) of the degrees of nota- 
tion in either direction. The controller 90 may be opera- 
tively connected to the plurality of gears 84 to move or 
rotate the movable frame 76 to direct the energy beam on 
the at least one predetermined location on an exterior 
surface of the workpiece 80 or around the workpiece 80. 
In the embodiment shown, the controller 90 drives the 
spur gear 92 that may engage a first drive gear 84a. The 
first drive gear 84a may engage the exterior portion 88 of 
the horseshoe shaped member 86, which may be a horse- 
shoe gear having teeth on its exterior portion 88. The first 
drive gear 84a may also engage a first slave gear 84b. The 
first slave gear 84b does not engage the horseshoe 
shaped member 86, but may engage a second drive gear 



84c. Similarly to the first drive gear 84a, the second drive 
gear 84c may engage the horseshoe shaped member 86 
as well as a second slave gear 84d. The second slave gear 
84ddoes not engage the horseshoe shaped member 86, 
but may engage a third drive gear 84c. As shown, this ar- 
rangement causes the drive gears 84a, 84c, and 84c to 
turn in the same direction and maintains at least one drive 
gear 84a, 84c, and 84c in engagement with the horseshoe 
shaped member 86 for substantially the complete range 
of movement or substantially all degrees of rotation of the 
movable frame 76. 
[0045] The device 72 may also include a housing 96, which may 
include a first part 98 and a second part 100. The parts 
98 and 100 may be coupled together by a hinge arrange- 
ment 102 or the like to permit parts 98 and 100 to piv- 
otally move relative to one another to releasably enclose 
the portion of the workpiece 80 under inspection. The 
parts 98 and 100 may join, for example, at an overlapping 
junction 104. A first lever 106 and a second lever 108 
may be provided to open the housing 96 to admit and re- 
lease the workpiece 80 when a force represented by an 
arrow 110 in FIG. 4 is applied to levers 106 and 108. The 
levers 106 and 108 may be spring loaded by a biasing 



mechanism 112 to return the housing 96 to the closed 
position when force 110 is not applied. The biasing mech- 
anism 112 may be a spring associated with the hinge ar- 
rangement 102 to clamp the first and second parts 98 and 
100 around the workpiece 80 during a material process- 
ing operation. The housing 96 may form a seal around the 
workpiece 80 to retain the energy beam or laser and any 
debris during a material processing operation. The mate- 
rial processing head 89 may be mounted to one part of 
the housing 86 and extend at least partially within the 
housing 86. 

[0046] The energy beam source 74 may be operatively connected 
to the energy beam transfer device 78, and may also be 
mounted to the material processing head 89. Fiber optic 
cable 114 may be used to operatively connect the source 
74 to the transfer device 78 with the fiber optic cable 114 
stored in a reel 116. The reel 116 may allow the cable 114 
to extend and retract as required depending on the posi- 
tion of the movable frame 76. In FIG. 6, the material pro- 
cessing head 89 is shown individually with the energy 
beam source 74 and receptacle 118 or the like to connect 
electrical power to the energy beam source 74. 

[0047] The workpiece 80 may include for example, a tube, and 



may be located on an aerospace vehicle or may be a com- 
ponent on another type vehicle or apparatus. The device 
72 may be adapted to operate in substantially a vacuum, 
in zero gravity, or in other environments. 
[0048] FIGS. 8-11 show a device 120 for inspecting a workpiece 
122 in accordance with another embodiment of the 
present invention. FIG. 8 is a section view of the device 
120 for inspecting the workpiece 122. The inspection de- 
vice 120 includes a movable frame 124, a laser holo- 
graphic exciter 126, and at least one laser reader 128. In 
the illustrated embodiment in FIGS. 8-11 two readers 128 
are shown. The exciter 126 and laser readers 128 are 
mounted to the movable frame 124. The movable frame 
124 is shown individually in the side elevation view of FIG. 
9. While the movable frame 124 is shown as being rotat- 
able about the workpiece 122, the movable frame 124 
may be adapted to move in other directions relative to the 
workpiece 122. A drive mechanism 129, discussed in de- 
tail below with reference to FIG. 10, may be provided to 
move the movable frame 124 relative to the workpiece 
122. The drive mechanism 129 may include at least one 
drive wheel or gear 138. The at least one drive wheel or 
gear 138 and the drive mechanism 129 may be mounted 



to and form part of a laser inspection head 130. 

[0049] The movable frame 124 may include one or more sub- 
stantially horseshoe shaped members 132. The horseshoe 
shaped member 132 may have an interior portion 133 
that may receive and retain the workpiece 120 and a sub- 
stantially circular exterior portion 134 to engage the at 
least one drive wheel or gear 138 of the drive mechanism 
129. The at least one drive wheel or gear 138 engages the 
exterior portion 134 of the horseshoe shaped member 
132 at substantially all degrees of rotation or range of 
movement of the movable frame 124. 

[0050] As best shown in FIG. 10, which includes a side elevation 
view of the laser inspection head 130, and FIG. 11, a sec- 
tion view of the device 120 taken along lines 11-11 in FIG. 
8, the drive mechanism 129 may include a motor 135, a 
worm gear 136, and a plurality of gears 138a-e. The mo- 
tor 135 drives the worm gear 136 that may engage a first 
drive gear 138a. The first drive gear 138a may engage the 
exterior portion 134 of the horseshoe shaped member 
132, which may be a horseshoe gear having teeth on its 
exterior portion 134. The first drive gear 138a may also 
engage a first slave gear 138fc>. The first slave gear 138b 
does not engage the horseshoe gear 132, but may engage 



a second drive gear 138c. Similarly to the first drive gear 
138a, the second drive gear 138c may engage the horse- 
shoe shaped member 132 as well as a second slave gear 
138d. The second slave gear 138ddoes not engage the 
horseshoe shaped member 132, but may engage a third 
drive gear 138c. As shown, this arrangement causes the 
drive gears 138a, 138c, and 138e to turn in the same di- 
rection and maintains at least one drive gear 138a, 138c, 
and 139c in engagement with the horseshoe shaped 
member 132 at all degrees of rotation or range of move- 
ment of the movable frame 124. 

[0051] a laser holographic emitter 148 may be operatively con- 
nected to the exciter 126, and may also be mounted to 
the laser inspection head 130. Fiber optic cable 150 (FIG. 
8) stored in a reel 151 may be used to operatively connect 
the emitter 148 to the exciter 126. In FIG. 10, the laser in- 
spection head 130 is shown individually with the laser 
holographic emitter 148 and a receptacle 152 or the like 
to connect electrical power to the emitter 148. 

[0052] a s shown in FIGS. 8 and 9, the movable frame 124 may 
include one or more workpiece support members 154 
adapted to engage and to permit the movable frame 124 
to rotate about or move relative to the workpiece 122 



during an inspection process. The workpiece support 
members 154 apply stress to the workpiece 124 by apply- 
ing a light load needed to establish a standardized holo- 
graphic pattern corresponding to the workpiece 122 ma- 
terial and wall thickness. As the movable frame 124 ro- 
tates or moves, a projected laser holographic pattern may 
be moved relative to the portion of the workpiece 122 to 
be inspected. The movable frame 124 in this example 
embodiment may rotate around the workpiece 122 at 
least about 180 degrees in each direction to provide sub- 
stantially complete inspection of the workpiece 122. De- 
fects in the workpiece 122 may be detected by observing 
changes in the laser holographic pattern using the laser 
readers 128 as is known. 
[0053] Detection of defects and observation of the laser holo- 
graphic pattern may be performed with the at least one 
laser reader 128. The readers 128, as shown, may be op- 
eratively connected to the laser holographic emitter 148 
using fiber optic cable 156 stored in reels 158. The reels 
158 may allow the cable 156 to extend and retract as re- 
quired depending on the position of the movable frame 
124. Images received by the readers 128 of the laser 
holographic pattern or the workpiece 122 may be dis- 



played on a monitor (not shown) or the like for an opera- 
tor to detect any defects. 
[0054] The device 20 may also include a housing 160, which may 
include a first part 162 and a second part 164 that may 
enclose at least the movable frame 124 and a portion of 
the workpiece 122 under inspection. The parts 162 and 
164 may be coupled together by a hinge arrangement 165 
or the like to permit parts 162 and 164 to pivotally move 
relative to one another to releasably enclose the portion of 
the workpiece 122 under inspection. The parts 162 and 
164 may join, for example, at an overlapping junction 
166. A first lever 168 and a second lever 170 may be pro- 
vided to open the housing 160 to admit and release the 
workpiece 122 when a force represented by arrow 172 in 
FIG. 8 is applied. The levers 168 and 170 may be spring 
loaded by a biasing mechanism 173 to return the housing 
160 to the closed position when force 172 is not applied. 
The biasing mechanism 173 may be a spring associated 
with the hinge arrangement 165 to clamp the first and 
second parts 162 and 164 around the workpiece 122 dur- 
ing an inspection operation. The housing 160 may form a 
seal around the workpiece 122 to retain laser light dis- 
charged by the exciter 126 during an inspection opera- 



tion. The laser inspection head 130 may be mounted to 
one part of the housing 160 and extend at least partially 
within the housing 160. The workpiece 122 may be, for 
example, a tube on an aerospace vehicle or workpiece on 
another vehicle or apparatus. 

[0055] FIGS. 12 and 13 are respectively top plan and section 

views of a material processing device 220 in accordance 
with another embodiment of the present invention. The 
device 220 includes a base member 222 that may re- 
leasably hold a portion of material 224 to be attached to a 
workpiece 226. The device 220 also includes a track 228 
mounted to the base member 222, and a material pro- 
cessing system 230 that may move along the track 228 to 
perform a material processing operation on the workpiece 
226. The track 228 may be continuous around the periph- 
ery of the base member 222 as shown, or may differ in 
layout. The material processing system 230 may be, for 
example, an electron beam system or a laser material 
processing system, which direct an electron beam 234 or 
laser towards a junction 236 formed by the portion of 
material 224 and the workpiece 226 (FIG. 13). 

[0056] The device 220 may further include a drive motor 238 and 
a carriage drive arm 240 that couples the motor 238 to 



the material processing system 230 to move the material 
processing system 230 along the track 228. The motor 
238 may be housed in a hub 244 (FIG. 13). The hub 244 
may be open at one end 245, and substantially closed at 
an opposite end 246. A shaft 247 of the motor 238 may 
extend through an axial opening 248 formed in the sub- 
stantially closed end 246 of the hub 244, where the shaft 
247 may then be connected to a carriage drive arm 240 
that extends to the material processing system 230. 
[0057] The device 220 may also include an attachment mecha- 
nism 249 to releasably attach the portion of material 224 
to base member 222. The attachment mechanism 249 
may include a plurality of retractable pins 232 or the like 
mounted to the hub 244 that may releasably engage a 
protrusion 242 extending from the portion of material 
224. 

[0058] The device 220 may also include a laser holographic in- 
spection system 252 or the like. The laser holographic in- 
spection system 252 may move along the track 228 to 
perform an inspection operation on the workpiece 226 by 
directing a laser holographic pattern 256 on the material 
processed by the material processing system 230 for in- 
spection. The device 220 may further include a drive mo- 



tor that may be the same as the drive motor 238 for the 
material processing system 230. A carriage drive arm 258 
may couple the motor 238 to the laser holographic in- 
spection system 252 to move the laser holographic in- 
spection system 252 along the track 228. Although the 
carriage drive arms 240 and 258 are 180 degrees apart, 
other angles of separation may be used. Further, the car- 
riage drive arms 240 and 258 may be integrally formed. 
[0059] As shown in FIG. 12, the modified position of the material 
processing system 230a and the laser holographic inspec- 
tion system 252a demonstrates rotation to perform oper- 
ations at the corners of the portion of material 224 which 
may be a repair patch. As the material processing system 
230 and laser holographic inspection system 252 move 
along the tract, lateral movement is permitted along the 
carriage arms 240 and 258, thus allowing operations at 
the junction 226 around the entire repair patch or portion 
of material 224. 

[0060] The track 228 may be formed in any predetermined path 
according to the shape of the portion of material 224. The 
workpiece 226 may be a section of ISO grid on an 
aerospace vehicle, and the portion of material 224 to be 
attached to the workpiece 226 may be an ISO grid repair 



patch, although the workpiece 226 and portion of material 
224 may be other objects. Where the portion of material 
224 is to be attached to a surface of a workpiece 226 that 
has a periphery with ridges 260, such as an ISO grid or 
the like as shown in FIG. 13, spacers 262 may be provided 
on the portion of material 224 for alignment. For further 
alignment, biased ball plungers 264 or the like may be 
provided along each edge of the spacers 262 on the sur- 
face proximate to ridges 260 of the ISO grid. 
[0061] | n another embodiment, the device 220 may further in- 
clude a first carriage 266. FIGS. 14 and 15 are respectively 
detailed front and side elevations of the first carriage 266 
including a bottom portion 268 and a top portion 270. 
The carriage 266 may include balls 272 at top and bottom 
ends 268 and 270 on which the carriage 266 rides, which 
may be, for example, polytetrafluoroethylene coated tita- 
nium balls or the like. As shown in FIG. 14, the bottom 
portion 268 of the carriage 266 rides on the track 228. As 
shown in FIG. 15, the top portion 270 of the carriage 266 
is configured to accept a second track 274 mounted to 
the carriage drive arm 240 and oriented at substantially a 
90 degree angle relative to the first track 228 (FIG. 13). 
The second track 274 is slidably mounted to the top por- 



tion 270 of the carriage 266 to permit the material pro- 
cessing system 230 to move laterally relative to the first 
track 228. 

[0062] a laser holographic inspection system 252 may move 

along the first track 228 as previously described. The de- 
vice 220 may also include a second carriage 276 similar to 
the first carriage 266, where the bottom portion 268 of 
the second carriage 276 rides on the first track 228. The 
top portion 270 of the second carriage 276 is configured 
to accept a third track 278 oriented at substantially a 90 
degree angle relative to the first track 228. The third track 
278 is slidably mounted to the top portion 270 of the sec- 
ond carriage 276 to permit the laser holographic inspec- 
tion system 252 to move laterally relative to the first track 
228. 

[0063] Hand grips 280 and a robotic interface 282, may be 

mounted to a plate 284 to apply and retract the device 
220. The plate 284 may be mounted to the shaft 247 of 
the motor 238, the carriage drive arms 240 and 258, or 
both. The plate 284 may rotate as the shaft 247 rotates. 
The hand grips 280 and robotic interface 282 may facili- 
tate use of the device 220 in aerospace applications, such 
as performing ISO grid repairs and inspections in outer 



space on the ISS or repairs and inspections on other space 
vehicles. 

[0064] Specific embodiments of an invention are described 

herein. One of ordinary skill in the welding, cutting, join- 
ing, and non-destructive inspection arts will recognize 
that the invention has other applications in other environ- 
ments. In fact, many embodiments and implementations 
are possible. For example, the material processing device 
of the present invention may be used in extraterrestrial 
applications, as well as terrestrial ones such as mass pro- 
duction of axles, radiators, gears, and automatic trans- 
mission parts for the automotive industry, and industrial 
heat exchangers, turbine construction, vacuum electron- 
ics, and tube sheets in the power generation industry to 
name a few examples. The laser holographic inspection 
device may be applied in any industry that requires con- 
tinuous stress area monitoring, such as monitoring of 
high pressure drilling processes in the petrochemical in- 
dustry. This application is intended to cover any adapta- 
tions or variations of the present invention. The following 
claims are in no way intended to limit the scope of the in- 
vention to the specific embodiments described. 



